Introduction Rupture of the extensor pollicis longus (EPL) tendon has been reported in the setting of distal radius fracture, chronic inflammatory arthritis, following steroid injection, and with excessive or repetitive activities. Truly, spontaneous EPL rupture, without an identifiable predisposing factor, has rarely been reported. Methods We present a retrospective case series of eight patients with spontaneous EPL rupture who were treated in our institution. Results The majority of the cases were female (75 %, n=6), and the nondominant (75 %, n=6) hand was most commonly involved. No identifiable predisposing factor could be identified in four patients. While four patients reported a history of a fall, radiographs failed to demonstrate skeletal abnormality in all four cases. No additional pathology could be identified at the time of surgery. Patients were treated using tendon transfer (n=7) or interpositional graft (n=1). There has been no case of clinical recurrence in the mean of 74.8 months (range 23-140 months) follow-up period.
Introduction
Rupture of the extensor pollicis longus (EPL) tendon is uncommon but has been reported in the literature following several precipitating factors. Nondisplaced fracture of the distal radius is a well-established risk factor with an incidence of EPL rupture of 0.2-5 % [22] . Other predisposing factors that have been reported in the literature include chronic inflammatory conditions such as rheumatoid arthritis [2, 4, 8, 14, 20, 24] , systemic or local steroid injections, and repetitive or excessive abnormal motion of the wrist [6, 16] . Several factors are thought to contribute to EPL rupture in these clinical settings. These fall grossly into mechanical and vascular categories [4, 8, 9, 13] . The EPL is particularly susceptible to mechanical irritation due to its close anatomic relationship to the dorsal radius and particularly the Lister tubercle [9, 13] . Cortical irregularities from distal radius fractures or osteophytes easily abrade the tendon, causing gradual attrition and ultimately rupture. An impaired vascular contribution to EPL rupture has also been supported by microcirculatory anatomic studies [8, 12] . In this model, we showed that a watershed zone with limited blood supply leaves the tendon at risk for ischemia and resultant tendon degeneration.
Spontaneous EPL rupture without an identifiable predisposing factor has rarely been reported [22] . In the present study, we report a series of eight such cases in which spontaneous rupture of the EPL was successfully managed without recurrence. These cases challenge our current concepts of the relative contribution of mechanical and vascular factors in the etiology of EPL rupture.
Materials and Methods
Between August 2003 and December 2012, eight patients (six women, two men) were diagnosed with and treated for spontaneous rupture of the EPL in the Plastic Surgery Department of Chang Gung Memorial Hospital. We performed a retrospective chart review to record demographic data including patient age, sex, occupation, and hand dominance. History of trauma, steroid injection symptoms, or diagnosis of inflammatory arthritis were also recorded. All radiographic data were reviewed by two radiologists. The patients were contacted by the latest clinical follow-up to determine if there had been any recurrence of preoperative symptoms or further surgical management of the operative hand.
After clinical confirmation of the diagnosis of EPL rupture by physical examination and the proximal EPL stump might be contractured, our preferred surgical management consists of a standard extensor indicis proprius (EIP) to EPL transfer using a Pulvertaft weave technique. When variants of the extensor digitorum communis (EDC) of the index finger and EIP were noted, the defect was <2 cm, and both of the disrupted stumps were out of the tunnel of the extensor retinaculum, our next preferred reconstruction utilizes a palmaris longus (PL) interposition graft. Debrided tendon edges were sent for pathological analysis.
After surgery, the patient's operated wrist was immobilized in a short-arm splint with the wrist in a neutral position and the thumb in abduction and extension for 4-6 weeks. Gentle rangeof-motion exercises were then started with intermittent splint protection under the supervision of a physical therapist. Nighttime splint protection was applied for the following 2 weeks. At 6 weeks postoperatively, the splint was completely removed. Table 1 summarizes the patient demographic data, operative findings, management, and clinical follow-up. Six patients presented with EPL rupture of their nondominant hand. Only one patient had an occupation that routinely involved heavy labor (police officer), four patients were housewife, one patient was a student, and the other two were businessmen. The average patient age was 47 years (range, 24-66 years). In the cohort of eight patients, four patients had no identifiable trauma, preceding wrist pain, repetitive activity, or history of injection around the wrist. The other four patients reported a recent history of falling onto an outstretched hand. However, in all four cases, radiographic evaluation of the affected wrist was interpreted as without fracture or other abnormality by two radiologists. In cases in which a history of trauma was present (n=4), EPL rupture was diagnosed at an average of 48 days after trauma (range, 10-90 days).
Results
Operative findings revealed complete disruption of the EPL tendon around the Lister tubercle with an intact extensor retinaculum in all cases. No obvious mechanical irritants such as cortical disruption or osteophytes were found in any case. The typical clinical appearance included varying degrees of synovitis surrounding the frayed tendon ends of the EPL. In one patient, substantial invasive synovitis was present. Six patients underwent an EIP to EPL transfer, one patient underwent a PL interpositional graft, and one patient underwent extensor digitorum communis index to EPL transfer. The pathological diagnosis in all cases revealed fibrosis and signs of chronic inflammation. Recurrence was assessed at the most recent clinic follow-up at an average of 74.8 months (range, 23-140 months) postoperatively. At that point, all eight patients had an extensor lag <10°with unrestricted thumb interphalangeal joint motion.
Case Report

Patient 4
A 49-year-old right-handed man presented with a history of falling onto an outstretched hand 4 weeks prior to noting onset of thumb extension restrictions. He is a businessman who had no occupational need to repetitively or excessively use his wrist. He had no associated pain and no preceding symptoms to suggest tendon irritation. A physical examination revealed that he could not actively extend the left interphalangeal joint of his thumb (Fig. 1 ). Radiographic findings were normal (Fig. 2) . During the operation, the extensor retinaculum was found to be intact. The proximal and distal portions of the ruptured EPL tendon were found near the Lister tubercle. There was no evidence of a bony cortical irregularity on the dorsum of the wrist or carpus. Although the retinaculum was intact, distal EPL stump curling and the appearance of degenerative and inflammatory changes were noted (Fig. 3) . To reconstruct the EPL tendon, the EIP tendon was identified and harvested within the surgical incision. The EIP was transected distally and interwoven with the distal stump of the EPL tendon using the Pulvertaft technique at the level of the carpometacarpal joint (Fig. 3) . Tension was established by suturing the EIP tendon to the distal portion of the EPL tendon with the thumb IP and MCP joints held in 0°of extension and with the wrist in a neutral position. The patient was immobilized postoperatively in a short-arm splint with the wrist in a neutral position and the thumb in abduction and extension for 6 weeks. Gentle range-of-motion exercises were then started, and the splint use was gradually weaned. At 4 months postoperatively, he showed the ability to extend the interphalangeal joint of the thumb without an extension lag (Fig. 1) .
Patient 8
A 56-year-old right hand-dominant woman visited our clinic with the chief complaint of the inability to move her left thumb. She was a housewife. She denied a history of trauma, symptoms consistent with rheumatoid or other inflammatory arthritis, or steroid injection. Physical examination revealed loss of full extension of the interphalangeal (IP) joint in the left thumb but preserved IP flexion (Fig. 4) . The patient was not able to recall any fall or trauma either recently or remotely. At the time of surgery, EPL tendon was disrupted but synovial sheath was in continuity (Fig. 4) . Radiography revealed no fracture, but prominent Lister tubercle was noted. There was no evidence of rheumatoid arthritis, distal radius, or carpal fracture nor was significant tenosynovitis or synovitis noted. Additionally, there was no evidence of a bony cortical irregularity on the dorsum of the wrist or carpus. This appearance lacks substantial inflammatory changes and with an intact synovial sheath suggests the chronicity of a pathological process that may have been impacted by the Lister tubercle. To reconstruct the EPL tendon, we excised the disrupted end and transferred the EIP to the EPL distal stump using the Pulvertaft technique. The patient wore a short-arm splint for 6 weeks and followed the same rehabilitation protocol as patient 4. At 56 months postoperatively in clinical follow-up, she demonstrated no limitation of extending the interphalangeal joint of the thumb and reported good daily activity. 
Discussion
Rupture of the EPL tendon is uncommon, but when reported, a predisposing factor such as distal radius fracture [12] , blunt trauma [4] , repetitive and excessive abnormal motion [6, 16] , inflammatory disease [24] , and systemic or local steroid injection [4] can generally be identified. In this study, we presented eight cases in which none of these classical precipitating factors could be identified. Distal radius fracture is the most wellestablished risk factor associated with EPL rupture. In such cases, direct mechanical shearing force from the disrupted cortex of the dorsal radius is thought to be the main cause [9] . Interestingly, EPL rupture has been reported more commonly following nondisplaced, rather than displaced, distal radius fracture [10, 12, 17, 20, 22, 23] . In this setting, the extensor retinaculum is generally not disrupted and is thought to contribute to mechanical irritation as it maintains the EPL closely approximated to the dorsum of the radius and Lister tubercle. These mechanical factors are thought to be compounded by the EPL tendon's relatively poor blood supply in the region of the Lister tubercle. Microangiographic studies have revealed that the EPL has a distal and proximal blood supply with a relatively avascular zone in the area of the Lister tubercle [4, 8] . When pressure increases in the surrounding tendon sheath due to inflammation following distal radius fracture or other trauma, the direct blood supply may be compromised, leaving only diffusion through the synovial fluid to supply adequate nutrition. This is thought to cause ischemia and delayed tendon rupture. Additional mechanisms were recently described. One cadaveric study suggested that a direct crush injury to the EPL can occur by contact between the Lister tubercle and the base of the third metacarpal bone in a simulated fall onto an outstretched hand [9] . Additionally, case reports of occupation and sports-associated spontaneous EPL rupture exist [6, 11, 16] .
In our study, four patients had a history of falling onto an outstretched wrist. While no fracture was identified on plain radiographs, it is possible that an occult distal radius fracture was present. Additionally, although patient 8 could not recall a fall or trauma, we suspect a remote history of trauma that led to a prominent Lister tubercle. However, a prominent Lister tubercle was not found on the radiographs of the other three patients with a falling history by either radiologist. To identify any occult fracture, we tried to arrange CT scans for all patients; however, we faced difficulty convincing patients of the need for it when the radiographic findings were normal. Moreover, the treatment remains unchanged despite positive findings on CT scans. With regard to the lack of CT scans, it is possible that occult distal radius fracture was present in patients with history of trauma.
When a distal radius fracture is complicated by an EPL rupture, the timing is generally somewhat delayed. A retrospective case-control study by Roth et al. [22] found the average time from injury to EPL rupture in three cases to be 46 days, while others have reported rupture anywhere from 7 days to 18 months [10, 17, 23] . These findings grossly correlate with ours. In the four patients with a history of fall, the average time to EPL rupture was 48 days with a range of 10 days to 3 months. For the patients in whom no predisposing factor could be identified, explanations that do not include mechanical irritation due to fracture must be explored. No substantial occupation-related repetitive or excessive activity of the wrist could be identified that may have precipitated the EPL rupture (Table 1 ). Further evidence supporting that excessive use did not precipitate EPL rupture is the fact that the majority of patients (75 %) sustained a rupture in their nondominant hand. In these cases, vascular rather than mechanical contributions may explain the tendon rupture.
Six of eight (75 %) patients in our cohort were women. Studies have suggested that EPL rupture following distal radius fracture is more common in women [6, 14, 16, 22, 24, 25] . In the Roth study mentioned above, three of three cases of EPL rupture following distal radius fracture occurred in women. One classical reference reported the female predominance of EPL rupture after distal radius fracture of 60 % [15] . Stenosing tenosynovitis, also known as de Quervain's disease, is a common tendonopathy with a known predilection for women, particularly those who are pregnant or lactating. In de Quervain's disease, in addition to repetitive activities, hormonal factors are thought to contribute to the increased prevalence in women [3] . This association has yet to be studied with regard to EPL rupture, but it may be worth exploration considering idiopathic cases such as the ones presented here. Furthermore, rupture of both the abductor pollicis longus and extensor pollicis brevis has been reported following distal radius fracture and conservative management of de Quervain's disease [1, 26] . Given the related anatomy and risk factors, it is possible that these two processes (de Quervain's disease and spontaneous EPL rupture) share a common pathological pathway. Unfortunately, in this is a retrospective study, we failed to conduct hormone levels as an endpoint. For the above reasons, we suggest complete hormone study for spontaneous EPL rupture in female patient in the future.
Although not statistically significant, our clinical experience led us to suspect that the intact extensor retinaculum contributes substantially to mechanical attrition and circulatory compromise of the EPL tendon, because we found the thick synovial sheath with frayed tendon ends along with chronic inflammatory changes on path reports which was compatible to the literatures of EPL synovitis around the Lister tubercle. However, the definite etiology of synovitis in our patient was still unknown. Knowing both mechanical irritation and synovitis within the intact extensor retinaculum can cause symptoms, we have heightened awareness of dorsal-side wrist symptoms following even minor trauma or repetitive activity. If physical examination elicits pain with direct palpation over the course of the EPL tendon or with thumb motion, we routinely obtain an ultrasound to identify inflammation in the third extensor compartment. When inflammation is found, we recommend prophylactic surgical release of the third compartment similar to the management of recalcitrant de Quervain's disease. The same recommendation is reported by Navaratnam et al. [19] .
By reviewing the treatment of spontaneous EPL rupture, the surgical options tried have included direct repair, tendon transfer, and tendon grafting. Direct end-to-end repair is difficult, because the rupture end is usually fragile and thin. After removing unhealthy part, there is always a gap between proximal and distal end. Tendon transfer or tendon grafting has become the standard procedure. As for tendon transfer, EIP transfer is the standard technique for spontaneous EPL rupture. It is important to note that anatomic variations in the EIP tendon have been reported and we encountered one such case in this series. Patient 7 underwent an EDC index transfer due to such an anatomic variation. In normal anatomy, the EIP arises from the posterior surface of the distal third of the ulna and the adjacent interosseous membrane. It passes distally within the fourth dorsal compartment deep to the EDC tendons and inserts into the dorsal expansion of the index finger on the ulnar side of the EDC. In this case, the EIP was on the radial side of the insertion of EDC and the EDC of the index was used for transfer to the EPL distal stump. Variations of the extensor tendons of the hand are common. In a study of 263 cadaveric specimens, a 4 % incidence of anomalous EIP a b Fig. 3 Patient 4. Intra-operative findings. a Distal EPL stump with curled appearance of degenerative and inflammatory change (black arrow). EIP was identified (black arrowhead). b EIP was transferred to EPL tendon using the Pulvertaft technique at the level of the carpometacarpal (CMC) joint Fig. 4 a Preoperative clinical photograph of patient 8 who presented with an inability to extend the interphalangeal joint of the left thumb. b Intra-operative finding revealed EPL was disrupted with synovial sheath in continuity muscles was found [5] . Other anatomic variants of the EIP include absence, duplication, or with anomalous insertions to the thumb, the ring finger, or, more often, the middle finger [25] . The incidence of EIP absence was reported around 1-4 % in a literature review [7, 18, 27] . In the setting of anomalous anatomy that precludes EIP transfer, we may use an PL tendon transfer. It is important to note that there were no cases of recurrence in this study. During surgical management, the extensor retinaculum of the third compartment is opened and the EPL is transposed. This alleviates the mechanical irritation from the tight retinaculum and the Lister tubercle.
As a small retrospective case series, this study is inherently limited. We are unable to report an incidence of spontaneous EPL rupture or draw conclusions about what additional risk factors may be present. Nonetheless, only few reports of spontaneous EPL rupture without a classical predisposing factor have previously been described in a case series such as this one [21] . Several risk factors and possible mechanisms for EPL rupture have been described. However, our study suggests that we should continue following the hypothesis of the relative contributions that mechanical, vascular, and potentially metabolic or hormonal factors have in this process.
Conclusion
Spontaneous rupture of the EPL tendon has generally been reported in the setting of predisposing risk factors. The cases presented in this study demonstrate that the EPL may be at risk for rupture even in the absence of classic risk factors.
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